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We compute the energy spectrum of photons produced by the unwinding of a scaling distribution
of cosmic textures, and discuss the implications for the spectrum of high energy cosmic rays, and
for CMB spectral distortions. Textures lead to a contribution to the photon flux which scales
as E3F (E) ∼ E3/2. Hence, the tightest constraints on the texture model come from the highest
energies from which primordial photons can reach us without being scattered by the CMB and other
foregrounds. Textures lead to both µ type and y type distortions. While the constraints on the
texture model coming from the current COBE bounds are weaker than the bounds from the angular
power spectrum of the CMB, future surveys such as PIXIE can lead to stronger bounds.
I. INTRODUCTION
It is of great interest to study the cosmological conse-
quences of particle physics models beyond the Standard
Model which have defect solutions. The defects which in-
evitably form in the early universe in such models persist
to the present time and lead to signatures in cosmolog-
ical surveys. Thus, the study of topological defects in
cosmology leads to a close connection between particle
physics and cosmology (see e.g. [1] for a discussion). If
evidence for defects is found in observations, we would
learn which class of particle physics models beyond the
Standard Model is favored. If the predicted signatures
are not found, we can constrain the energy scale of parti-
cle physics models which predict the signatures. Particle
physics models which predict domain wall solutions are
already ruled out by cosmology [2], since they would over-
close the universe. Models which predict monopoles are
also constrained [3]. There has been a lot of work on the
cosmological signatures of cosmic strings (see e.g. [4–6]).
Here, we will focus on another class of defects, namely
global textures.
Low energy effective field theories in which a global
symmetry is spontaneously broken such that the vac-
uum manifoldM has a nontrivial third homotopy group
Π3(M) admit defect solutions called global textures [7]
(see e.g. [6] for reviews of the cosmology of topological
defects, including discussions of textures). Like global
monopoles, textures are extended configurations of field
energy with the topology of a sphere. By causality [8],
textures will form during the symmetry breaking phase
transition in the early universe, and their initial radial
extent will be comparable to the Hubble radius. The
same causality argument implies that at all late times
there will be of the order one texture per Hubble vol-
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ume. Hence, textures can leave potentially observable
imprints even at late times.
In contrast to global string and global monopole de-
fects, textures are not stable. A texture with initial size
comparable to the Hubble radius at time t will collapse
at close to the speed of light and “unwind”. In this pro-
cess, a fraction of the initial energy stored in the texture
configuration will be released as particles. An order one
fraction of the released energy ends up in the form of
photons, including photons of ultra-high energy. Photons
emitted in the redshift interval between z = 106 and the
redshift of recombination will lead to spectral distortions
of the Cosmic Microwave Background (CMB). In this
paper, we compute the spectrum of high energy gamma
rays produced by texture collapse, and we estimate the
magnitude of the induced spectral distortions.
An example of a low energy theory which has tex-
ture solutions is quantum chromodynamics (QCD). In
the limit of massless quarks, the theory has a global
SU(3)×SU(3) symmetry which gets spontaneously bro-
ken to the diagonal subgroup SU(3), in the process gen-
erating an octet of pseudoscalar mesons which are the
Goldstone bosons of the symmetry breaking. In theories
beyond the Standard Model of particle physics there may
be similar global symmetries which are spontaneously
broken at an energy scale η, an energy scale of new
physics. Since texture configurations contain trapped
energy, they can contribute to structure formation in
the early universe [7, 9] and induce cosmic microwave
background (CMB) anisotropies. The induced CMB
anisotropies have an angular power spectrum which do
not have [10] the acoustinc oscillations which have been
observed. Hence, observations of CMB anisotropies lead
to an upper bound on the energy scale η of new physics
with texture solutions [11]. Textures with an energy scale
slightly lower than the upper bound may, however, help
explain the observed cold spot in the CMB maps [12].
Since textures form nonlinear density perturbations at
arbitarily early times, they may contribute to the seeds
for the observed super-massive black holes at high red-
shifts (in the same way that cosmic string loops can [13]).
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2This was discussed in a recent paper [14] by two of us.
In fact, there is a range of values of η where the num-
ber density of nonlinear seed fluctuations at high red-
shifts is larger than that produced in the standard ΛCDM
paradigm of early universe cosmology.
Whereas most work done on the cosmological impli-
cations of textures has focused on their gravitational ef-
fects, here we will study effects on the electromagnetic
spectrum. We compute the spectrum of induced high
energy cosmic rays and compare our results with the ob-
servational bounds, and we estimate the amplitude of the
induced spectral distortions of the CMB.
We begin this article with a brief review of textures,
focusing on the scaling solution which is achieved. In Sec-
tion 3 we then compute the spectrum of photons emitted
from textures collapsing between the time of recombi-
nation and today. In Section 4 we compute the total
energy released by textures collapsing during the time
interval when the emitted photons can produce spectral
distortions. We conclude with a discussion section. We
use natural units in which the speed of light, Planck’s
constant and Boltzmann’s constant are all set to 1. We
work in the context of a Friedmann-Lemaitre-Robertson-
Walker metric
ds2 = dt2 − a(t)2dx2 , (1)
where t is physical time, x are comoving spatial coordi-
nates (we assume that the spatial curvature vanishes),
and a(t) is the scale factor in terms of which the Hubble
parameter is defined as
H(t) =
a˙
a
, (2)
and its inverse is the Hubble radius. We often work in
terms of the cosmological redshift z(t) defined by
a(t0)
a(t)
≡ z(t) + 1 . (3)
II. REVIEW OF GLOBAL TEXTURES AND
THEIR SCALING SOLUTION
To get a feeling for what a global texture is, consider
a scalar field theory with four real scalar fields φi and a
symmetry breaking potential of the standard form
V (φ) =
λ
4
( 4∑
i=1
φ2i − η2
)2
, (4)
where η is the symmetry breaking scale and λ is a dimen-
sionless coupling constant. At high temperatures, finite
temperature corrections to the potential force φ(x) = 0 at
all points in space. Below the critical temperature which
is of the order η (modulo coupling constants) the confin-
ing force disappears and φ(x) rolls down to a minimum
of its potential. The space of field values which minimize
the potential energy is called the vacuum manifold M
and is given by
M =
[
φ
∣∣∣∣ 4∑
i=1
φ2i = η
2
]
(5)
which in our case is a three sphere S3. It has the property
that the third homotopy group is nontrivial
Π3(M) 6= 1 . (6)
All field theories with the property (6) have texture so-
lutions.
By causality [8] there can be no correlation on scales
larger than the Hubble radius. Hence, there is a finite
probability c of the order one that in any Hubble volume
the field φ(x) covers the entire vacuum manifold 1. Such
a configuration winds the entire vacuum manifold.
For our Lagrangian, a texture configuration with wind-
ing number 1 and with spherically symmetric energy dis-
tribution is
φ(t, x, y, z) = η
(
cosχ(r),
x
r
sinχ(r),
y
r
sinχ(r),
z
r
sinχ(r)
)
(7)
where r2 = x2 + y2 + z2. The radial function vanishes
at the origin (i.e. χ(0) = 0) and tends to the value pi
as r → ∞. The effective radius of the texture can be
defined to be the radius where χ(rc) = pi/2, i.e. the
radius rc where the texture configuration (restricted to
the sphere of radius rc in space) wraps the equator sphere
of the vacuum manifold M.
Note that, unlike for monopole, cosmic string and do-
main wall defects, in the case of textures it is possible
for the scalar field to be everywhere in the vacuum man-
ifold. Hence, there is no trapped potential energy, but
only gradient energy. In the case of theories with a local
symmetry, the gradient energy in the scalar field can be
locally compensated by the gauge fields, and hence there
are no well-localized local texture configurations.
The total gradient energy in the texture configuration
(7) can decrease if rc decreases. Since we are dealing
with relativistic field theories, the speed of contraction is
of the order of the speed of light. The energy density of
the collapsing texture configuration becomes [16]
ρ(r, s) ' 2 r
2 + 3s2
(r2 + s2)2
η2 (8)
where s is the shifted time such that the collapse happens
at s = 0. This formula is a good approximation up the
radius rc.
As s → 0 the gradient energy density (8) of the col-
lapsing texture diverges at the origin. When the energy
1 The study of [15] shows that the probability is approximately
c ' 0.04.
3density at the origin becomes comparable to the potential
energy, it becomes favourable for the texture configura-
tion to “unwind”, i.e. φ(x) in a region close to the center
leaves the vacuum manifold and χ jumps from χ ∼ 0 to
χ ∼ pi. The time when this happens is [14]
suw ∼
√
6λ−1η−1 , (9)
and the radius of the central region where the unwinding
happens is
ruw ∼ λ−1/2η−1 . (10)
After the unwinding, the field configuration is no longer
topologically confined, and will radiate outwards. The
total energy in a texture is obtained by integrating (8)
from r = 0 to r = rc, setting s = rc (the collapse time).
The result is
E ∼ 8piη2rc . (11)
For a texture becoming dynamical at the time tf we can
set rc ' tf/2, and hence the amount of energy released
by a texture forming at time tf is
E(tf ) ∼ 4piη2tf . (12)
Textures first form during the symmetry breaking
phase transition. For any sphere in space with radius R,
there is a probability c of the order one that the configu-
ration of φ in that sphere will wind the vacuum manifold
and that hence a texture will form. Textures with radius
smaller than the Hubble radius, i.e. R < t will collapse.
However, by causality the field configuration on larger
scales is still random. Hence, at all times t, there will
be a probability c that a texture of size rc ∼ t will form
and start to contract. This process of texture configu-
rations entering the Hubble radius, becoming dynamical
and starting to collapse will continue to the present time.
This is the scaling solution for textures: at any time t af-
ter the phase transition, there will be c textures per Hub-
ble radius of roughly Hubble size which begin to contract
and unwind within a Hubble time. In the following we
will compute the spectrum of cosmic rays produced by
this scaling solution of textures.
III. SPECTRUM OF COSMIC RAYS
PRODUCED BY TEXTURE COLLAPSE
The primary particles which result from the texture
unwinding are φ quanta. The particles associated with
φ are, however, unstable, and their decay will generate a
jet of Standard Model elementary particles, in particular
photons. This process is similar to the production of a
jet of low energy particles in laboratory decays of unsta-
ble particles, or from the annihilation of a cosmic string
cusp [17]. In the case of cosmic string cusp decay, the
spectrum of resulting photons and neutrinos was com-
puted in [18] and [19], respectively. Here we will perform
a similar calculation for the photon flux resulting from
texture decay.
The spectrum of photons (at energies larger than the
mass of the pi0 meson) from a texture at time tf is given
by
dN
dE′
(E′, tf ) =
f
2
E(tf )
( η
E′
)3/2 1
η2
, (13)
where N(E′, tf ) is the number per unit energy interval
of photons of energy E′ at time tf , and f is the frac-
tion of the energy of texture annihilation which goes into
photons.
If we want the energy density dρ/dE for unit interval of
energy at energy E and time t, then we have to integrate
over all texture formation times tf . For each value of tf ,
we need to consider the number of photons with energy
E′ at time tf which redshifts to E at time t. We must
finally take into account the redshifting of the number
density of the produced photons. In this way, we get
dρ
dE
(E, t) = E
∫ t
ti(E,t)
dtf
dN
dE′
(E′, tf )ct−4f
dE′
dE
( z(t)
z(tf )
)3
,
(14)
where we have used the fact that there are c textures for
Hubble volume per Hubble time (thus giving the factors
ct−4f in the above, and the Jacobian of the transformation
between E′ and E. Note that in the above
E′ =
z(tf )
z(t)
E . (15)
The time ti(E, t) is the larger of the following two times:
the time tc of the phase transition, and the time tb(E, t)
before which all photons emitted by a texture have red-
shifted energy less than E by the time t. This time is
given by
z(tb(E, t))
z(t)
=
η
E
. (16)
Inserting (13) and (12) into (14) we obtain
dρ
dE
(E, t) ∼ 2picfη3/2E−1/2
∫ t
ti(E,t)
dtf t
−3
f
( z(t)
z(tf )
)7/2
.
(17)
Evaluating the result for times before the time teq of
equal matter and radiation we obtain
dρ
dE
(E, t) ∼ 8picfη3/2E−1/2t−2[( t
ti(E, t)
)1/4−1] , (18)
the time integral being dominated by the lower integra-
tion end.
For t > teq we divide the integration over tf into the
interval before teq and the interval after teq. The contri-
bution of textures at tf > teq gives
dρ
dE
(E, t) ∼ 6picfη3/2E−1/2t−2[1− ( teq
t
)1/3]
, (19)
4assuming that ti(E, t) < teq. If ti(E, t) > teq, then the
factor teq in the above is replaced by ti(E, t).
The contribution from textures formed before teq gives
dρ
dE
(E, t) ∼ 8picfη3/2E−1/2t−2 (20)( teq
ti(E, t)
)1/4( teq
t
)1/3[
1− ( ti(E, t)
teq
)1/4]
.
If we are interested in the spectrum of high energy cosmic
rays today, then photons released from textures before
teq do not contribute. Those released before a redshift of
z ∼ 106 will thermalize, and those created between that
redshift and recombination will scatter off the plasma
and lead to spectral distortions of the CMB (as studied
in the next section), but they will not survive as primary
cosmic rays. Hence, in the following we will only consider
the contribution (19).
We now compare the predicted cosmic ray flux from
textures with the observational upper bounds. These
bounds are usually expressed in terms of the flux F (E),
where
F (E) = E−1
dρ
dE
. (21)
Since the measured flux and the upper flux limits decay
rapidly as a function of E, the quantity which is usually
used is E3F (E). From (19) we see that the texture model
predicts
E3F (E) ∼ 6picf(Eη)3/2t−2 , (22)
which is a rapidly increasing function of E. Hence, the
tightest bounds will come from the largest values of E.
There is a caveat, however: as discussed in detail in
[20], photons energies greater than about 102GeV can-
not travel over cosmological distances. They scatter off
the CMB and off the infrared and optical backgrounds.
Hence, the strongest (but conservative) bound on the
symmetry breaking scale η will come from comparing our
predictions with the observational limits at E = 102GeV
which are [20] (in the usual units used in cosmic ray
physics)
E3F (E) < 1021beV2m−2sec−1sr−1 , (23)
where we have introduced a factor b to take into account
future improvements of the bound (at the moment the
bound is b = 1). Comparing the prediction (22) with the
observational bound (23) we derive the constraint
Gη2 <
( 1
6picf
)4/3
107/3b4/3
(E2
E
)2
, (24)
where E2 = 10
2GeV. At the present time, using b = 1
and E = E2, the bound on the symmetry breaking scale
η is weaker than the bounds [11] which come from the
effects of textures on the angular power spectrum of the
CMB. If scattering off of the infrared and optical back-
grounds is neglected, then the bound could be applied up
to E = 105GeV. In this case, for f ∼ 1 the bound would
become (with b = 1)
Gη2 < 10−4 , (25)
which is still a few orders of magnitude weaker than the
bound coming from the CMB.
IV. INDUCED SPECTRAL DISTORTIONS
Photons emitted in the redshift range between z1 ' 3×
106 and the time of recombination cannot fully thermal-
ize and give rise to CMB spectral distortions2. Roughly
speaking, those emitted between z1 and z2 ∼ 105 yield µ
distortions, those emitted between z2 and recombination
give rise to y distortions (see e.g. [22] [23] for reviews).
A µ distortion is sourced when energy release occurs
in a redshift window where photon number changing in-
teractions (Bremsstrahlung and double Compton scat-
tering) are frozen out, and only a kinetic equilibrium can
be reached in the photon plasma. The spectrum then
acquires a Bose-Einstein like correction, where the µ pa-
rameter is given by the expression
µ ≡ − 1
0.7
∫ ∞
zC
dz
1
ργ
dU
dz
· e−(z/zDC)5/2 , (26)
Where ργ is the usual photon energy density at a red-
shift z, while zDC ≈ 2 × 106 is the approximate red-
shift at which double Compton scattering freezes out for
the usual values of Helium abundance and matter energy
density. zC ≈ 105 is the redshift that Compton scattering
freezes out, marking an end to the µ era. Finally, dU/dz
is the rate of energy density injection from the decay of
cosmic textures, given by
dU
dz
= −8picf η
2
t20
z3 (27)
This is computed by taking the number density of tex-
tures per unit time and multiplying by their individual
energy release, so at the time of formation, tf , we have
dU/dtf = ct
−4
f · E(tf ). We also consider the fact that
textures produced in the µ distortion window will col-
lapse within a Hubble time, releasing a fraction, f , of
their energy into photons. The exponential in (26) acts
to damp out contributions for z > zDC, so with this in
mind we can find that the induced µ distortion is
µ ≈ 8pi
0.7
cf(Gη2) ln
(
zDC
zC
)
∼ 6f(Gη2) (28)
Where we have made use of c ≈ 0.04, and noting that the
CMB energy density at redshift z is ργ ≈ (3/4)G−1t−20 z4.
2 The effect is similar to the one produced by cusp annihilation
from cosmic string loops which has been studied in [21].
5A primordial3 y-distortion is induced in the CMB spec-
trum for energy releases in the redshift range between
recombination and zC, as we are no longer able to even
sustain a kinetic equilibrium in the photon plasma. This
distortion is primarily sourced by the fact that exter-
nal energy injection heats up the pre-recombination elec-
trons, which transfer their non-thermal energy to the rest
of the photons. Traditionally, the y parameter is written
as
y =
∫ trec
tC
dt
Te − T
me
neσT (29)
where Te is the electron temperature, T is the CMB
photon temperature, ne is the number density of free
electrons at time t, and σT is the Thomson scattering
cross section. It is manifest from this expression that
a decoupling between the electron and photon temper-
atures will induce a y-distortion. Under reasonable as-
sumptions (neglecting cosmic expansion when compared
to the timescale of Compton scattering, and assuming
the injected photons perturb the electron temperature
only slightly), one can recast this expression in a more
applicable way to energy release scenarios
y ≈ −1
4
∫ zC
zrec
dz
1
ργ
dU
dz
(30)
Since the energy release mechanism we have is insensitive
to the transition between the y and µ eras, we can simply
use (27) once again to compute our contribution to the
y distortion. Doing this yields
y ≈ 8pi
3
cf(Gη2) ln
(
zC
zrec
)
∼ 1.5f(Gη2) (31)
At the present time, the best bounds on µ and y are from
the COBE satellite
µ < 9× 10−5 , COBE (32)
y < 10−5 , COBE (33)
Of these two bounds, the y distortion yields the tightest
constraint on the parameter space
f(Gη2) < 6.7× 10−6 . (34)
Given that f < 1, this bound is slightly weaker than the
constraint which comes from the CMB angular power
spectrum. The proposed PIXIE experiment will have a
sensitivity of [24]
µ < 10−8 , PIXIE , (35)
3 y-distortions are also sourced after recombination, for example
through the upscattering of CMB photons as they pass through
hot clumps of electrons in our line-of-sight
y < 2× 10−9 , PIXIE , (36)
and with this experiment the bound on the scale η could
be strengthened to read (this time from the proposed
sensitivity on the µ parameter)
f(Gη2) < 1.7× 10−9 , (37)
If no distortions are seen. This bound would be signifi-
cantly stronger than the current bounds from the CMB.
Since these textures would decay through the entire (µ
and y) distortion window, they could be probed even
more precisely as decays around zC may encode informa-
tion on the exact time dependence of the energy release.
A lack of a detection of this form would put serious con-
straints on symmetry breaking patterns that would give
rise to textures in the early universe.
V. CONCLUSIONS AND DISCUSSION
We have studied the emission of photons from a net-
work of unwinding cosmic textures. We computed the
spectrum of high energy cosmic rays and compared the
results with the current observational bounds, which are
satisfied for all values of the energy scale η of the tex-
tures which are compatible with the constraints from the
angular power spectrum of the CMB. We then compute
the induced spectral distortions of the CMB produced
by textures unwinding in the redshift interval between
z = 106 and recombination. Whereas the current bounds
from the COBE experiment are not competitive with the
CMB angular power spectrum constraint, future missions
such as PIXIE will be able to yield stronger constraints
on η.
The photon flux from unwinding textures can effect
more cosmological observables. For example, the extra
photon radiation at radio wavelengths may lead to an
absorption feature [25] in the global 21cm signal, in the
same way that decaying cosmic string loops may yield
such a signal [26]. It is unlikely, however, that unwinding
events can explain the origins of fast radio bursts (FRBs),
as the decay pattern to low energy photons suffers from
similar problems to those photons produced off of cosmic
string cusps [27]. On top of that, the number density
of these undwinding events is much smaller than that of
string loops studied in [27], and so this model would also
suffer from being unable to explain the current number
densities of FRBs.
Global monopoles [28] are monopole defects in a the-
ory with a global symmetry. The number density and
topology of these defects is similar to that of textures.
Whereas global monopoles are stable, unlike textures,
monopole-antimonopole annihilation will lead to a scal-
ing solution of defects very similar to that of textures,
except that the constant c describing the number den-
sity of these defects, will be different (c ∼ 1.2 [29]). The
spectrum of cosmic rays and the induced CMB spectral
distortions will hence be analogous to the ones studied
6here. Since the value of c is larger by a factor of about 30,
the resulting bounds on Gη2 will be tighter by a similar
factor.
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